Abstract. Modelling of sulfur compounds kinetics was performed, including kinetics of benzothiophene and dibenzothiophene homologues. Modelling is based on experimental data obtained from monitoring of industrial hydrotreating set. Obtained results include kinetic parameters of reactions.
Introduction
Desulfurisation -the process of catalytic conversion of hydrocarbons under the influence of substances at high pressure and temperature. Petroleum fractions subjected to desulfurisation to reduce the content of sulfur compounds in gasoline and diesel fuels. Concomitant effect of this process is the saturation of unsaturated hydrocarbons, reduced resin content of oxygenates, and hydrocracking of light hydrocarbon molecules. Desulfurisation -large-refining process and is used in almost all refineries [1] .
Due to the increasing role of the hydrotreating processes in the refining industry matures the need to develop software systems that implement mathematical models hydrotreating [2] .
The main objective of this study is to model the kinetics of the process of desulfurisation of diesel fuel, with a focus on the dynamics of sulfur-containing compounds (SC), such as sulfides, benzothiophene and dibenzothiophene, the choice of the reactor model.
Object of research
Typical schematic diagram of a hydrodesulfurization unit is shown in Figure 1 . Preheated raw material moves to the hydrotreating reactor R, a major unit of the whole process, where the catalytic hydrotreating of diesel fraction is performed. There are the reactions of sulfur compounds hydrogenation with hydrogen to form hydrogen sulfide performed on the catalyst surface. The hydrogen-containing gas (HCG) is separated from the vapor-liquid mixture in the separators S-1 and S-2 and enters the column C-2 for pure hydrogen to recover. The column C-1 is used for separation of vapor-liquid mixture into gas fraction and the basic product -hydrotreated diesel fuel [3] .
Fig. 1. Typical schematic diagram of hydrodesulfurization unit
The resolution №118 About approval of the Technical regulation about requirements to automobile and aviation gasoline, diesel and ship fuel, jet propulsion fuel and fuel oil dated February 27, 2008 approving technical requirements to the motor fuel was signed by the Russian Federation government. The requirements of GOST R 52368-2005 are brought into compliance with the legal requirements of Euro-3 standard and higher. Prior to that, the fuels were produced in accordance with GOST 305-82. The main difference from the EN 590 standard in the GOST R 52368-2005 is that diesel fuel is divided into three categories depending on the amount of sulfur compounds. Diesel fuel of Type 3 may also be called completely purified.
The plant used French catalyst HR-538, which properties are given in Table 1 . The catalyst activity in respect of SC is numerically considered according to the reaction rate constants. 
Results
When modeling multicomponent processes can not account each individual component which participates in the chemical process -the number of components 300-400 in the case of the desulfurisation [4] . But, at the same time, the mathematical model must be sensitive to the changing composition of the raw material. Only in this case, the model will be adequate to the real process and will have predictive ability [2, 4] .
The change of Gibbs free energy provided by the reactions calculated using software packages HyperChem and Gaussian 09 [5] . In previous work, studies were conducted to determine the kinetic parameters of the hydrodesulfurization reactions [6, 7, 8] (Table 2) . On the basis of calculations of thermodynamic parameters of the reactions taking place in the process of desulfurization of diesel fuel is made up of substances mathematical model. The developed mathematical model based on the law of mass action and is a system of differential equations, which reflect changes in the concentrations of the reactants:
where k i -rate constant of the component i; C i -the current concentration of the substance i; v -the stoichiometric ratio.
To study the data taken from the monitoring installation LG-24/7, reflecting the state of technological parameters are shown in Table 3 . As the basis of hydrodynamic models taken quasi-homogeneous stationary model of a plug flow reactor according to equation:
where l -the length of the reactor; U -the linear velocity of feed; p -quantity of reagents and products by route r; W i -the rate of the chemical reaction.
Calculated data obtained as a result of the mathematical model are shown in Table 4 . The pressure in the reactor vapor-liquid mixture is from 30 to 34 kgf/cm2. The temperature in the reactor for the entire installation work cycle was in the range from 320 to 350 ° C. 
Conclusion
The result of the study is successful in building a mathematical model, including the analysis of experimental data, the aggregation kinetic scheme, the development of mathematical models and software, performing calculations.
The relative error of calculation that was conducted on the data for the entire installation of the monitoring period, amounted to no more than 5% on the total sulfur content in the product desulfurisation. It confirmed a direct correlation conversion rate constant calculated from the sulfur-containing component of the Gibbs energy of the hydrogenolysis reaction.
According to the latest Euro-5 standards governing the quality of diesel fuel, the maximum sulfur content in it should not exceed 10 ppm. According to the results of 
